The intestinal canal is believed to be one ot the chiet sites ot lymphocyte elimination, because numerous lymphocytes constantly occur in the intestinal epithelium close to the lumen (S o b o t t a, 1933 ; W o I fHeid egg e r, 1939) and because they were actually found in the lumen in relatively large numbers (B u n t i n g and H u s t o n, 1921; Jassinowsky, 1925; Horii and Tamaki, 1951). However, no direct evidence of lymphocytes migration through the intestinal epithelium into the lumen has yet been obtained. St e n q v i s t (1934) and K e 1 s a 11 (1949) observed that the overwhelming majority of these cells were in the deeper portion of the epithelial layer, between the nucleus and the basement membrane.
The intestinal canal is believed to be one ot the chiet sites ot lymphocyte elimination, because numerous lymphocytes constantly occur in the intestinal epithelium close to the lumen (S o b o t t a, 1933 ; W o I fHeid egg e r, 1939) and because they were actually found in the lumen in relatively large numbers (B u n t i n g and H u s t o n, 1921; Jassinowsky, 1925; Horii and Tamaki, 1951) . However, no direct evidence of lymphocytes migration through the intestinal epithelium into the lumen has yet been obtained. St e n q v i s t (1934) and K e 1 s a 11 (1949) observed that the overwhelming majority of these cells were in the deeper portion of the epithelial layer, between the nucleus and the basement membrane.
This EeEms to suggest that the lymphocytes in this situation do not quite reach the intestinal lumen. In this connection the observations of L e b 10 n d and Stevens (1948) on the rate of renewal of the intestinal epithelium in rats are of special, interest. They demonstrated a very intensive mitotic activity of the epithelial cells of the crypts of Lie b e r k ü h n and reached the conclusion that the newly-formed cells granually shift from the crypts to the sides of the villi and finally reach their tips, where the cells are extruded into the intestinal lumen. The time required for renewal of the whole epithelium was estimated to be 1.57 dayS in the duodenum and 1.35 day in the ileum. This indicates that the lymphocytes in the epithelial layer of the villi are also extruded from the villus tips into the lumen together with epithelial cells at a very high speed. It is then conceivable that changes in the speed of this process might have much influence upon the amount of lymphocytes that occur in the epithelial layer.
The present work was undertaken in an attempt to determine, first, whether or not the lymphocytes occur for the most part in the deeper portion of the epithelial layer beneath the level of the nucleus ; and second, to what extent the number of lymphocytes in the epithelial layer of the villi varies under experimental conditions which produce a marked reduction in the rate of cell proliferation in the crypts, namely, in inanition and following X-irradiation.
Material and Methods
Albino mice of the dd strain of both sexes weighing 18-25 g were used. They were divided into 10 groups consisting of 5 animals each. The first and second groups served as normal controls; the third and fourth were starved for 3 and 5 Y2 days, respectively ; and the fifth to tenth were irradiated with X-rays on the whole body in doses of 400 r, 600 r and 1000 r, with the -following factors : 160 kvp, 3 ma, 0.5 mm Cu+ 0.5 mm Al, dose rate in air 13-14 r/min. at a distance of 30 cm. The irradiated animals were examined after 8 and 24 hours.
In order to minimize the possibility of artefacts due to postmortem changes, the intestinal portions were taken from the living animals under ether anesthesia. Several small pieces were removed from the portions at the levels of the first to fifth P e y e r's patches of small intestine and immediately fixed in Z e n k e r-formol. Crosssections of the tissues were cut at 6/.6 and stained with hemalum and eosin.
For counting the lymphocytes in the epithelial layer of the villi and the mitoses in the crypts, fields were selected in which villi and crypts were cut approximately throughout their length. Total number of lymphocytes in the epithelium per 5 villi and that of mitoses per 10 crypts were then counted. The data obtained from the sections through the level of the first P e y e r's patch near duodenum were used for comparison. Section through the P e y e r's patches facilitates comparison between the lymphocytes in the villi and those in the Pe y e r 's patches.
Observations
Lymphocytes were constantly found in relatively large numbers in the epithelial layer of the villi, but the number of these cells per 5 villi was subject to a considerable individual variation. A similar variation was also seen in the number of mitoses per 10 crypts. Such tendency was especially remarkable under the experimental conditions. Therefore, a sum total of the values obtained from 5 animals of one group was used for comparison as shown in Tables 1-4 .
The data given in these tables clearly show : first, that the overwhelming majority of lymphocytes were in the deeper portion of the epithelial layer, between the nucleus and the basement membrane (Figs. 1-3) ; and second, that in the animals fasted for 5112 days and in those exposed to X-irradiation in doses greater than 400 r, there was a significant inerease in the number of lymphocytes in the epithelial layer of the villi, in sharp contrast to a marked reduction in the number of mitoses in the crypts, as compared with normal controls. Table 1 . Number of lymphocytes in the epithelial layer* per 5 villi and of mitoses per 10 crypts in normal mice, counted in the sections through the level of the first Peyer's patch near duodenum.
* The "deeper portion" indicates the layer between the nucleus and th e basement membrane ; the " intermediate portion" the layer at the level of the nucleus; and the "outer portion" the layer between the nucleus and the striated border.
Histological examination revealed some differences between the irradiated and the starved animals, however. Irradiation with X-rays in doses greater than 400 r produced massive destruction of the lymphocytes in the P e y e r's patches (Fig. 4) and of the crypt-cells in mitosis (Fig. 6 ), while starvation did not. Following X-irradiation abnormally large nuclei often appeared in the crypt-cells (Fig. 6) , while the nuclear size of these cells was appreciably reduced by starvation. At 3 days of fasting, mitotic figures were found in the crypts in greater numbers than normal ( Table 2 , Fig. 5 ). Both the epithelium and the lamima propria became less cellular at 5 i/2 days of fasting and 24 hours after exposure to 1,000 r of X-rays. The lymphocytes found in the villous epithelium were for the most part of smaller type, comparable to the small lymphocytes in the lymphoid tissue (Figs. 1-3 ).
Since no evidence was obtained that the lymphocytes are within the cytoplasm of the epithelial cells, they were tentatively considered to be intercellular in situation. A few eosinophil leucocytes were occasionally found in the villous epithelium. Neither neutrophils nor plasmacytes appeared therein.
It must be noted here that no sign of lymphocyte destruction was seen in the epithelial layer of the villi even after exposure to 1,000 r of X-rays (Fig. 2) , although the lymphocytes in the P e y e r's patches showed massive destruction after irradiation with a much smaller dosis (400 r) (Fig. 4) . Since only a few nuclear fragments were found in the lamina propria of the villi, the lymphocytes and plasmacytes scattered in this situation appear to be as less radio-sensitive as the lymphocytes in the vinous epithelium. Similar lymphocytes insensitive to X-ray never appeared in the epithelial layer of the crypts. Andrew and Andrew (1945) claim an abundant occurrence of mitotic figures of lymphocytes in the crypts of Lie b e r k u h n but not in the villous epithelium in the duodenum of the mouse. In the present study, however, mitotic figures of lymphocytes were not demonstrated in the crypts nor in the villous epithelium.
Discussion
The present observations have Confirmed the finding of S t e nq v i s t (1934) and of K e 1 s a 11 (1946) that the overwhelming majority of lymphocytes are in the deeper portion of the villous epithelium, between the nucleus and the basement membrane. It is difficult to assume, therefore, that lymphocyte migration through the villous epithelium takes place on a large scale. Bunting and Huston (1921), Jassinowsky (1925) , and Horii and Tamaki (1951) have demonstrated, on the other hand, that lymphocytes are present in the lumen of the intestinal canal in relative large numbers. Accordingly, another possible mechanism, by which the lymphocytes in the epithelial layer of the villi may reach the intestinal lumen, should be considered.
In this respect, the observations of Leblond and Stevens (1948) on the rate of renewal of the intestinal epithelium in rats deserve special attention. Their results may be summarized as follows: (1) The crypts of i e b e r k u h n is the locus of a very intensive mitotic activity of epithelial cells. (2) The newly-formed cells in the crypts move upward along the side of the villi and finally reach their tips, where the cells are extruded into the intestinal lumen. (3) The time required for renewal of the whole epithelium was estimated to be 1.57 day in the duodenum and 1.35 day in the ileum.
It is then conceivable that the lymphocytes in the villous epithelium are also extruded from the villous tips into the intestinal lumen together with epithelial cells, and that there should be a very rapid loss of lymphocytes from the villous epithelium in this fashion. It was thus expected that reduction in the speed of this proeess would result in an accumulation of lymphocytes in the villous epithelium. In the present study, it was shown that, when the mitotic activity of the crypt-cells had been greatly reduced by starvation or by X-irradiation, there was a significant accumulation of lymphocytes in the villous epithelium. This indicates that there exists a close relationship between the renewal of the villous epithelium, which takes place as a result of cell proliferation in the crypts, and the loss of lymphocytes from the villous epithelium.
It should be emphasized here that the lymphocytes in the epithelial layer and those in the lamina propria of the villi appeared to remain almost undamaged even after exposure to 1,000 r of X-rays, whereas the lymphocytes in the Pe y e r's patches showed massive destruction after irradiation with a much smaller dosis (400 r). This is in agreement with the findings of Tr o w e 11 (1952) that LD50/5 hours of the lymphocytes in the intestinal villi was 2,250 r, while that of the lymph node lymphocytes 150 r. The fact, that the lymphocytes in the villous epithelium markedly increase in number even after irradiation with 1,000 r of X-rays, seems to suggest that irradiation with such a large dose of X-rays does not completely arrest the passage of lymphocytes from the lamina propria into the epithelium of the villi. Summary 1. Lymphocytes of smaller size were constantly found in relatively large numbers in the epithelial layer of the villi of small intestine, not only in normal mice but also in those fasted for a long period (3-51/2 days) and in 'those irradiated with a large dose of X-rays (400-1,000 r) on the whole body.
2. The overwhelming majority of lymphotytes were in the deeper portion of the epithelial layer, between the nucleus and the basement membrane.
3. In mice fasted for 51/2 days and in those exposed to X-irradiation in doses greater than 400 r, there was a significant increase in the number of lymphocytes in the epithelial layer of the villi, in sharp contrast to a marked reduction in the mitotic acticity of the cryptcells, as compared with normal mice.
4. The results are discussed in relation to the rapid renewal of the villous epithelium, which takes place as a result of intensive mitotic activity of the crypt-cells.
